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Colorectal cancer metastasis to Ceacaml'' livers is significantly impaired, compared with wild type livers, due to decreased 
endothelial cell survival, reduced tumor cell proliferation, diminished immune infiltration and altered chemokine 
expression. CeacamV'' myeloid-derived suppressor cells diminish metastatic burden, as confirmed by bone marrow 
transplantation and adoptive transfer experiments. 



CEACAM1 in Colorectal Cancer 

Carcinoembryonic antigen-related cell 
adhesion molecule 1 (CEACAM1) is a 
cell adhesion molecule belonging to the 
immunoglobulin and CEA gene families. 
CEACAM1 functions are associated with 
two particular splicing isoforms carry- 
ing either a short (10 aa, CEACAM1-S) 
or a longer cytoplasmic domain (71- 
73 aa, CEACAM1-L). On one hand, 
CEACAM1-L acts as a co-receptor for 
a number of tyrosine kinase receptors, 
including the receptors for insulin, EGF, 
VEGFR and CSF1, as well as the Toll-like 
receptor 2. All these receptors can phos- 
phorylate CEACAM1-L at its immuno- 
receptor tyrosine-based inhibitory motifs 
(ITIMs), leading to the recruitment of 
the tyrosine phosphatase PTPN6 (SHP-1) 
and activation of downstream inhibitory 
signaling pathways in various cells. 1 On 
the other hand, CEACAM1-S plays a role 
in the activation of apoptosis in breast 
and colorectal tissues. 2 As a co-receptor, 
CEACAM1 modulates a number of cel- 
lular functions such as angiogenesis, 3 
liver insulin clearance, 4 as well as innate 
and adaptive immune responses, 1 includ- 
ing those elicited by microbial and viral 
infection. 1 CEACAM1 is expressed in a 
number of normal epithelial, endothelial 
and immune cell compartments, but is 
downregulated in the early stages of most 
epithelial cancers. Previous data from our 



laboratory indicate that the absence of 
CEACAM1 exacerbates colonic and intes- 
tinal tumor burden in azoxymethane- 
treated and Apd 63SNI * mice, respectively. 5 
Interestingly, CEACAM1 re-expression 
often occurs in the advanced stages of mul- 
tiple malignancies including non-small 
cell lung cancer, thyroid cancer, gastric 
carcinoma, pancreatic cancer, malignant 
melanoma and even metastatic colon can- 
cer. 6 Patients whose colon tumors express 
a predominance of CEACAM1-L relative 
to CEACAM1-S exhibit accelerated pro- 
gression to metastasis and shorter survival, 
compared with patients whose neoplasms 
predominantly express CEACAM1-S. 6 
But how CEACAM1 expression in the 
stromal and immune compartments influ- 
ences metastatic progression has never 
been addressed previously. 

CEACAM1 in Colorectal Liver 
Metastasis 

Using intrasplenic injection of highly 
metastatic MC38 colorectal cancer (CRC) 
cells and intravenous delivery of B16F10 
melanoma cells in Ceacaml mice, 7 we 
denned that, irrespective of inoculation 
route, tumor type and target organ (liver 
vs. lung), Ceacaml' 1 ' mice developed only 
a small number of metastatic lesions of 
reduced size as compared with wild type 
(WT) animals, underscoring the pro-met- 
astatic role of this protein. Primary tumor 



cells breach the epithelial tissue barrier 
(intravasation) and travel via blood vessels 
to their target destination, which in the 
case of CRC is often represented by the 
liver. Intrasplenic injection bypasses the 
intravasation step to deliver, within a few 
minutes, tumor cells to the liver sinusoids 
via the portal vein. Intravital microscopy 
on live animals demonstrated a reduction 
in the arrest of CSFE-labeled MC38 cells 
within Ceacaml' 1 ' hepatic sinusoids 30 min 
post-injection. Unfavorable microenviron- 
mental conditions resulted in a 3-fold fur- 
ther decrease in tumor cell survival within 
the Ceacaml' 1 ' hepatic sinusoids over the 
next 48 h. Moreover, after colonization of 
Ceacaml' 1 ' livers, tumor cell proliferation 
was decreased — as compared with the 
WT setting — by 2-fold. The metastatic 
nodules developing in Ceacaml' 1 ' mice dis- 
played enhanced vascular density, albeit 
with less mature vessels. Interestingly, 
increased tumor angiogenesis observed 
in Ceacaml' 1 ' mice appeared to result 
from the granulocyte colony-stimulating 
factor (G-CSF) -induced expression of 
prokineticin 2 (Bv8) from infiltrating 
Grl*CDllb* myeloid-derived suppres- 
sor cells (MDSCs), rather than from 
increased VEGF levels. 8 

We then examined whether the devel- 
opment of smaller metastatic nodules 
depended on the dysregulation of bone 
marrow-derived cell (BMDC) produc- 
tion or on restrained infiltration of 
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Figure 1. Dysregulation of bone marrow myeloid-derived suppressor cells in CEACAMI-deficient mice under metastatic challenge. Upon formation 
of metastatic nodules in the liver, CeacamV' (but not wild type) bone marrow (BM) myeloid-derived suppressor cells (MDSCs) undergo expansion. 
However, this is not followed by increased MDSC infiltration into metastatic livers. Given that the adoptive transfer of wild type MDSCs into CeacamV' 
mice results in increased metastatic burden, several possible mechanisms can be proposed to explain the role of CEACAM1 in tumor metastasis. (1) 
migratory defect of BM MDSCs; (2) reduced cytotoxic T-cell inhibition by MDSCs; or (3) blockage of monocytic and/or granulocytic differentiation. As 
a consequence, tumor infiltration/effector functions of MDSCs are diminished in CeacamV' livers, resulting in enhanced immune responses that ef- 
ficiently eliminate/control metastatic tumor cells. 



immune cells into the liver. Naive WT 
and Ceacaml' 1 ' mice produced equivalent 
amounts of total colony-forming cells, 
but naive Ceacaml' 1 ' BMs exhibited sig- 
nificantly reduced levels of total MDSCs 
(CDllb + Grl + ) as well as of cells belonging 
to the monocytic (CDllb + Ly6C 1, 'Ly6G~) 
and granulocytic (CDllb*Ly6C lo Ly6G + ) 
lineages, compared with WT ani- 
mals. Conversely, metastasis-carrying 
Ceacaml' 1 ' mice had significantly aug- 
mented levels of MDSCs in their BM. 
When immune cells were profiled in 
metastatic lesions 14 d after the injection 
of MC38 cells, we observed a significant 
suppression in the mobilization and/or 
infiltration of both myeloid (macrophages, 
granulocytes, dendritic cells, natural killer 
cells and MDSCs) and lymphoid (T and 



B lymphocytes) cells in Ceacaml' 1 ' livers. 
Profiling of 12 cytokines /chemokines 
indicated increased levels of interleu- 
kin 6 (IL-6), IL-10 and tumor necrosis 
factorct (TNFa), and decreased amounts 
of CCL2, CCL3 and CCL5 in Ceacaml' 1 ' 
vs. WT mice under metastatic conditions. 

Transplantation of WT BMDCs into 
Ceacaml' 1 ' recipients produced a full res- 
cue of metastatic development, whereas 
the reverse approach (WT recipients of 
Ceacaml' 1 ' BMs) resulted in a reduced 
metastatic burden. Other liver stromal 
cells (such as stellate and Kuppfer cells) 
appear to be contributing to metastasis 
development, as the metastatic burden 
in the liver was always higher than that 
obtained with Ceacaml' 1 ' BMDCs trans- 
planted into Ceacaml' 1 ' mice. Adoptive 



transfers of WT MDSCs into Ceacaml' 1 ' 
mice increased metastasis relative to trans- 
fer of Ceacaml' 1 ' MDSCs, confirming that 
CEACAM1 controls MDSC-dependent 
processes. 

Conclusion 

Several mechanisms can be proposed to 
explain the role of CEACAM1 in tumor 
metastasis (Fig. 1). These include: (1) a 
reduced MDSC expansion with enhanced 
T-cell responses in the Ceacaml' 1 ' liver 
microenvironment, a finding further sup- 
ported by the decreased activity of STAT3 
previously observed in this context; 7 
(2) perhaps, a migratory defect of BM 
MDSCs into the metastatic liver; or (3) a 
block in the differentiation of monocytes 
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and macrophages within the Ceacaml' 1 ' 
liver microenvironment. The systemic 
deletion of CEACAM1 has highlighted a 
number of important interactions between 
malignant cell and CEACAM1* cells par- 
ticipating in metastatic development, such 
as hepatocytes, endothelial and immune 
cells. However, many other factors must 
be considered for a better understanding 
of the cell biology underlying our observa- 
tions. First, the cancer cells used in this 
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